Smoking has for some time been strongly suspected of being a major aetiological factor in chronic bronchitis. Confirmatory evidence has accrued from many epidemiological studies involving widely different populations. Abbott, Hopkins, Van Fleit, and Robinson (1953) found that, in 294 hospital patients with emphysema and cough, tobacco smoking could be incriminated as an aetiological factor in about two-thirds of the cases, and Palmer (1954) confirmed these findings, again on a hospital population.
The use of hospital populations in epidemiological studies is open to the danger of selection, with consequent doubts about the general applicability of the results, but the work of Abbott and Palmer and their collaborators cited above has been confirmed in studies of representative samples of the general population. Clifton (1956) , in a study of rural dwellers and of workers in heavy industry in Sheffield, found smoking to be an important factor in the prevalence of chronic bronchitis in these two populations. Ogilvie and Newell (1957) , in their Newcastle survey, confirmed the association between smoking and chronic bronchitis, but were unable to relate the prevalence of the disease to the amount of tobacco smoked. Brown, McKeown, and Whitfield (1957) , in a study of 1,062 men aged 60-69 years, and Higgins, Oldham, Cochrane, and , in their Leigh survey, agreed with these findings.
Less information is available about the effects of smoking on ventilatory function. Franklin (1958) found that heavy smokers recorded lower flow rates in maximal forced expirations than did light smokers and non-smokers, this happening frequently in the absence of any pulmonaryabnormality. Eich, Gilbert, and Auchincloss (1957) , investigating experimentally the effects of cigarette smoking, found, in emphysematous patients, that there was an increase in airways resistance after smoking one cigarette, but Bickerman and Barach (1954) found no significant effect after their subjects had smoked three cigarettes. Higgins (1959) , in a study of 734 men aged 25 to 64 years randomly selected from urban and rural populations, recorded a higher indirect maximum breathing capacity (M.B.C.) for non-smokers than for smokers, but found "no significant downward trend with increasing tobacco consumption among the smokers". Fletcher, Elmes, Fairbairn, and Wood (1959) came to the same conclusion about a group of London postmen, aged 40 to 59 years. However, Higgins, in a study with other workers of a population of mixed occupations in Staveley, Derbyshire, found that "the heavier smokers recorded a lower mean M.B.C. than the lighter" (Higgins, Cochrane Gilson, and Wood, 1959) .
As part of the National Coal Board's Pneumo- coniosis Field Research (Fay, 1957; Fay and Rae, 1959; Rogan, Ashford, Chapman, Duffield, Fay, and Rae, 1961) , periodic medical surveys, including the measurement of ventilatory function and physique and the assessment of radiological pneumoconiosis, respiratory symptoms, and smoking habits, are carried out on the underground and surface workers at a sample of 25 collieries distributed throughout the main British coalfields. The data collected on these surveys provide a convenient opportunity to examine the relation between smoking habits and these other factors in complete working populations, and this paper is concerned with the results obtained at the first three collieries in Scotland at which the necessary measurements have been made. definition has only a small effect on the proportion of men classed as "non-smoker". Out of a total of some 4,500 men, there was a change in the smoking classification (from "non-smoker" to "ex-smoker") of only 1 -5 per cent. when the criterion was altered from "ten cigarettes per day for 10 years" to "one cigarette per day for 1 year". In view of this small difference and in order to remove the apparent inconsistency between the definitions of "smoker" and "Sex-smoker", the more commonly accepted definition of "one cigarette per day for 1 year" has been adopted for subsequent medical surveys. It will be noted that, apart from question (d), the inquiry was confined to current smoking habits. The difficulty of obtaining an accurate and detailed record of a man's smoking history has been emphasized by Todd and Laws (1958) , and it was considered that little further information would be gained by attempting to do so in this inquiry.
The general trends shown by the results obtained at the three collieries were similar and all the available data have therefore been taken together in the subsequent analysis. Todd, 1957) , who apply the term to all men who.
SUMMARY OF SMOKING HABITS
did not smoke at the time the questionnaire was asked, whatever their past smoking history. According to their answers to questions (b) and (c), the smokers were further subdivided into "Cigarettes only", '"Pipe only", and "Cigarettes and pipe"*. The amount of tobacco consumed has been expressed in terms of "equivalent cigarettes per day", one ounce of pipe tobacco being taken as equivalent to 28 cigarettes.
The smoking habits recorded at the three collieries are summarized in Table I and illustrated by Fig. 1(a smoked. Details are given in Table IV , which shows that the non-smokers and ex-smokers tend to be heavier than the smokers, the average difference being of the order of 3 to 4 kg. Age for age there is a tendency amongst the smokers for the weight of the men who consume the most tobacco to be above the The results obtained at the three collieries are shown in Table VI (overleaf), and the general trends in Fig. 3 , which indicates that the prevalence of the height. After due allowance had been made for age and sitting height, it was found that the F.E.V. of the smokers was still significantly lower than that of the non-smokers, the average difference being of the order of 0 1 litre. The results for all three collieries together are summarized in Table VIII . There was no evidence of any systematic relationship between age and the difference in F.E.V. between smokers and non-smokers for men less than 50 years old. Amongst the oldest members of the population the difference between smokers and non-smokers was appreciably greater than amongst the remainder of the population. This may, however, be associated with retirement amongst the older men, who thereby form a more highly selected population than the younger age groups. small, the prevalence of pneumoconiosis has been expressed in terms of only two classes-Category 0 and Category 1 or more. Details of the relationship between radiological pneumoconiosis and smoking habits are given in Table IX (overleaf). In general, there is no consistent difference between the prevalence of pneumoconiosis in smokers and non-smokers in the various age groups, but for both smokers and non-smokers it tends to be rather lower than for ex-smokers. When the smokers are considered separately, the amount of tobacco consumed by the younger men bears no consistent relationship to the prevalence of penumoconiosis. For men more than 50 years old, however, the prevalence is considerably lower amongst those who smoke most than amongst those who smoke least. There is no consistent difference between the prevalence of pneumoconiosis in the various age groups amongst the three smoking types.
DISCUSSION
The information about smoking habits quoted in this paper is based on four short questions forming part of the respiratory symptoms questionnaire which is asked of each man during his medical examination. The results obtained were fairly consistent with those reported in other inquiries, and it is considered that they probably provide a valid measure of the true situation. In comparison with the figures given by Todd (1957) men smoking both cigarettes and pipe. The total consumption of tobacco by the smokers was slightly below the national average. This is not surprising, as the underground workers amongst the men under observation were not allowed to smoke at their place of employment. At each colliery the prevalence of respiratory symptoms, as judged by the specified combination of positive answers to questions about cough, phlegm, etc., was found to be appreciably higher amongst the smokers than that amongst the non-smokers in all age groups. The tendency amongst the younger men for the difference between smokers and non-smokers to increase with age (Table VI) suggests that there is a direct association between smoking and respiratory symptoms. The differences in mean weights between the two groups also increased with age (Table IV) , the smokers being lighter.
On the other hand, although there was a significant difference between smokers and non-smokers as regards sitting height (Table V) , the difference did not increase systematically with age. This suggests that the difference here is more likely to be due to a population selection effect than to a direct association with smoking. Thus, although the men who smoked most of all were comparable in height with the non-smokers, the average smoker was shorter.
Similarly, the lowering of forced expiratory volume recorded for smokers, even after correction for height, remains reasonably uniform with age up to about 50 years (Table VIII) . This also suggests a population selection effect rather than an effect due to smoking, which would be expected to increase with prolongation of the habit. The possibility that smokers are a self-selected group is consistent with the findings of Eysenck, Tarrant, Woolf, and England (1960) , who demonstrated differences in certain personality traits between smokers and non-smokers which they attributed to genotypic differences. There is, however, a possible alternative explanation in that smoking in youth might retard physical development, especially ventilatory function (the majority of the men classed as smokers probably started smoking in their youth), whereas once growth has been completed smoking has no further effect.
The average difference in F.E.V. between smokers and non-smokers in the population examined was 0 I litre, or about 3 per cent., after allowance had been made for sitting height and age. Comparison of this result with those of other workers is complicated by several factors, such as variations in the method of measuring ventilatory capacity, in the definition of "6non-smokers", and in age distribution and smoking habits amongst the various populations examined. For example, most other investigators have dealt with smaller numbers, especially of non-smokers, and have reported the mean indirect maximum breathing capacity as their measure of ventilatory capacity, frequently using the F.E.V. 0-75 s. as the basis of calculation. They have also usually refrained from making allowance for height. However, bearing these differences in mind, it is possible to compare some results in terms of the percentage lowering of ventilatory capacity, rather than of the absolute lowering, associated with smoking. Thus Olsen and Gilson (1960) , in a population of male non-miners aged 55 The prevalence of pneumoconiosis tends to be higher amongst ex-smokers than amongst smokers and non-smokers, except in the oldest age group. Amongst smokers of 50 years and above, the prevalence of pneumoconiosis is lowest amongst the men who smoke the most and highest amongst the men who smoke the least. Both these effects might be due to a tendency for the men with pneumoconiosis to reduce their tobacco consumption.
SUMMARY
The relation between smoking habits and physique, respiratory symptoms, ventilatory function, and radiological pneumoconiosis amongst the underground and surface workers at three Scottish collieries has been investigated, using data obtained during the medical surveys carried out by the National Coal Board's Pneumoconiosis Field Research. In general, the information obtained about current smoking habits follows a similar pattern to that reported on other recent surveys, although the observed proportion of smokers was slightly greater and the total consumption of tobacco by smokers was slightly less than the average recorded in a recent survey of males on a national basis. When the relation between physique and smoking habits was considered, it was found that in all age groups the non-smokers were, on average, taller and heavier than the smokers. The prevalence of respiratory symptoms amongst the non-smokers was appreciably lower than that amongst smokers of the same age. The ventilatory function (as measured by the F.E.V.i sec.) of the non-smokers in all age groups was found to be significantly higher than that of the smokers, even when account was taken of differences in physique and age. In contrast to the differences between smokers and non-smokers, no consistent relationship was recorded between current consumption of tobacco and physique, respiratory symptoms, or ventilatory function amongst the smokers.
Some evidence was found which was consistent with a tendency for men with pneumoconiosis to reduce their tobacco consumption. 
